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(57) ABSTRACT

A composite member 1s joined to another composite or non-
composite member, using liquid or paste adhesive resin that
cures 1n the joint. The joint 1s configured 1n such a way that the
adhesive forms an interlocking key within recesses in the
jomed members that prevents joint disassembly once the
adhesive has cured and hardened. Both of the members are
provided with recesses extending along their lengths in the
joint. The recesses register with each other to define a cavity
and may undulate. The recessed are designed 1n such a way as
to take the full load capability 1f the joint, even i1 there 1s no
adhesion to the joined members. Adhesive 1s injected into the
cavity through injection ports spaced periodically along the
length of the joint.

14 Claims, 3 Drawing Sheets
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1
FAILSAFE INJECTED ADHESIVE JOINT

FIELD OF THE INVENTION

This invention relates 1n general to a method for joining
structural composite parts or composite to noncomposite
parts using an adhesive mjected into the joint with failsafe
features

BACKGROUND OF THE INVENTION

One method of joining two structural members together 1s
by the use of an adhesive at the interface between the two
members. The adhesive typically transfers shear load
between the members via an adhesive bond. This bond 1s
critical, and requires considerable effort in both manufactur-
ing and inspection. Despite the best efforts, use of adhesive
bonds 1n aircraft and other primary structures 1s very difficult
to certily, due to the catastrophic failure mode of a debonded
joint. The only proven way around this pervasive problem 1s
to bolt the bonded joint together with mechanical fasteners,
which removes many advantages of the bonded joint, particu-
larly when the joined members are composite.

It 1s important during the bond assembly process that the
adhesive extend throughout the bonding surface, preferably
at a uniform thickness. This 1s difficult to accomplish at times,
leaving spaces or areas that do not have adhesive. Speeding
the process up would be desirable to reduce costs.

SUMMARY OF THE INVENTION

In this invention, elongated, undulating recesses are
formed 1n the bonding surfaces between two members to be
joined. The recesses align with each other to define an elon-
gated cavity when the bonding surfaces are placed against
cach other. Adhesive 1s injected 1nto the cavity formed by the
recesses. When cured, the adhesive both bonds the members
together, and forms 1nterlocking resin keys that carry load in
case of bondline failure.

Preferably, one of the members 1s a composite skin panel
with a molded holes and recesses while the other member 1s
either composite with a similar molded recess or a metallic
member with a machined recess. The recesses are preferably
shallow grooves that are rectangular 1n cross section, and
undulate both 1n direction and width, forming a sinusoidal or
diamondback pattern. This geometry provides locking of the
keys 1n all directions, as well as a generous flow path and
ample cross sectional areas to allow high shear loads in the
adhesive keys. Preferably the recesses extend from one end of
the assembly joint to the other end. Preferably, the injection
ports occur at the wide areas of the grooves, to permit easy
flow at the entry and exit ports for the adhesive.

As the adhesive flows through the grooves, 1t will com-
pletely fill the channel until 1t exits the next injection port, at
which time the injection 1s continued from that same port.
This operation 1s completed when the bond line 1s filled, at
which time the ports can be plugged to prevent adhesive loss.

In one embodiment, the structural members comprise flat
surfaces that are joined orthogonally to each other. These
members may be analogous to a wing or fuselage skin with an
underlying spar or frame substructure. One member contains
a clevis shaped feature, while the other member 1s of a blade
configuration. There are bonding areas on both sides of the
blade, and the grooves are repeated on both sides. The 1njec-
tion port accesses the joint from below the clevis, and engages
the grooves 1n both the clevis and blade feature of both mem-
bers.

Prewoven composite reinforcements (preforms) can be
used to form the clevis features easily, and can be cured along,
with the skin portion of the outer member. The blade member
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can be a simple flat laminate portion of the underlying sub-
structure. Both members can use a simple mandrel tooling to
form the recess 1 each side of the joint during part layup/
infusion and cure

Another possible joint 1n which this mvention can be
employed 1s a lap shear configuration. This 1s a very common
type of joint that 1s used 1n joining two like members such as
in a skin to skin, frame to frame, or even truss attachments. In
this case, there 1s one bond line formed when two members
are lapped over each other. There 1s only one groove 1n each
member, and they are created, aligned, and injected in a
similar manner as the clevis configuration mentioned above.

This invention completely solves the prior art bonding
problems by providing an alternate means of load transfer in
case of bond failure, thereby enabling a failsafe feature in the
joint that does not require mechanical fasteners. It 1s compat-
ible with composite laminates and even metal parts, provided
the recesses can be economically fabricated. Typically,
recesses and holes can be molded 1in during the cure process of
resin matrix composite, particularly in the case of processes
that infuse dry fabric or preforms.

Injecting adhesive from outside the structure into a struc-
tural bonded joint 1s a vast improvement of current tech-
niques. Fitup and surface preparations of the bonding sur-
faces are no longer critical. The only critical processes that
must be verified 1s that the adhesive has properly filled out all
the recesses and 1s fully cured. This verification 1s easy to do,
since the adhesive samples can be taken from the exposed
injection ports, and filling of the cavities can be verified by
X-ray or techniques commonly used for structures.

Also, the invention allows dry assembly with sequential
bonding of individual joints. This feature allows large struc-
tures to be joined over a period of time, without regard for the
cure time of the adhesive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view showing an
example of a structural member, a preform, and an aircrait
skin assembly 1n accordance with this invention.

FIG. 2 1s a transverse sectional view of the structural mem-
ber of FIG. 1.

FIG. 3 1s sectional view of the assembly of FIG. 1, taken
along the line 3-3 of FIG. 4, and showing adhesive being
injected.

FIG. 4 1s a transverse sectional view of the assembly of
FIG. 1, after or during the mjection of adhesive.

FIG. 5 1s a sectional view of the assembly of FIG. 1, taken
along the line 5-5 of FIG. 4.

FIG. 6 1s a schematic view of a weave pattern of the woven
preform of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

Reterring to FI1G. 1, a structural member 11 1s shown being,
joined to a second member 13, which typically comprises the
skin of an aircrait. In one example, an mterface member 15
provides an interface to bond structural member 11 with skin
13. In one embodiment, interface member 15 comprises a
woven preform, however other members could alternately be
used.

Structural member 11 may comprise a variety of aircraft
frame components such as a spar or beam of a wing or fuse-
lage, a bulkhead, or a bracket. The word “structural” 1s used
for convenience and not in a limiting manner. In this embodi-
ment, both structural member 11 and skin 13 are formed of
laminated resin composite material. That is, each 1s formed of
multiple layers of fiber, such as carbon, laid up one upon the
other. Some of the layers may be umdirectional and other
layers woven or otherwise configured. Alternatively, struc-
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tural member 11 could be a metal. Preferably, structural mem-
ber 11 and skin 13 are cured prior to assembly.

Structural member 11 has two flat sides 19 that face oppo-
site directions. Each side 19 has a recess or groove 17 formed
therein. As shown in FIGS. 2 and 4, groove 17 1s preferably
rectangular in transverse section, but other shapes are fea-
sible. Also, 1n this example, groove 17 undulates 1n a longi-
tudinal or axial direction, having peaks and valleys, defining,
a general sine wave configuration. This undulating groove
can also be varied to create other shapes with an increase 1n
recess area, for instance, two sine wave shapes can be placed
back to back, resulting 1n a diamondback pattern. Grooves 17
extend along the length of structural member 11.

A plurality of communication channels 21 are formed 1n
structural member 11. As shown 1n FIGS. 3 and 4, each
communication channel 21 has a side section 21a that i1s
formed 1n each side 19 and intersects one of the grooves 17.
Side section 21a extends to the base edge of structural mem-
ber 11. Communication channel 21 has a base section 215 that
extends along the base edge of structural member 11 and joins
the two side sections 21a. Communication channels 21 are
spaced apart from each other at selected points along the
length of structural member 11.

Asshownin FIGS. 2 and 4, a hole 23 1s formed in structural
member 11 approximately midway between sides 19 and
extends upward from the base edge of structural member 11 a
selected distance. Each hole 23 intersects base section 215 of
one of the communication channels 21. As shown in FIGS.
1-3, a temporary locator pin 23 1s inserted into each hole 23
prior to assembly. Grooves 17, communication channels 21,
and holes 23 are preferably formed 1n structural member 11
during i1ts molding process.

In this embodiment, preform 15 1s a composite {iber mem-
ber that 1s woven. FIG. 6 1llustrates one example of a suitable
weave pattern for preform 15, showing one-half of preform
15. Parallel warp fibers 27 are looped or woven together with
f1ll fibers 28. In this example, preform 135 1s “pi-shaped”,
having a flat base 29 and two parallel legs 31 (FIGS. 1, 4) that
are perpendicular to base 29, defining a clevis. FIG. 6 shows
one-half of base 29 and one leg 31, which 1s shown folded
over base 29 during the weaving process. Base 29 and legs 31
are woven at the same time and interlinked waith fill fibers 28.
There are four layers i base 29 and leg 31 1n thus embodi-
ment, and each of the layers 1s interlinked with the others by
means of the fill fibers 28. After weaving, legs 31 are straight-
ened to an orthogonal orientation, and perform 15 1s pre-
impregnated with a resin.

Referring again to FIG. 1, base 29 of preform 15 has one
side that abuts skin 13. The inside surface of each leg 31 has
a recess or groove 33 for mating with groove 17. Grooves 33
and 17 have the same configuration and undulate 1n the same
manner. When aligned, grooves 17 and 33 define a cavity that
1s elongated and extends from one end to the other end of the
assembly. Holes 35 (FIGS. 4, 5) are formed 1n base 29 at the
same distance apart as holes 23 in structural member 11.
During assembly holes 23 will align with holes 35. Prefer-
ably, holes 35 and grooves 33 are formed 1n a molding process
prior to assembly with a multi-piece die that inserts between
legs 31. Holes 39 (FIGS. 4, 5) are formed in skin 13 at the
same distance apart from each other as holes 23 and 35. Holes
39 align with holes 23 and 35 during assembly.

Referring to FIG. 1, during assembly, locator pins 25 are
pressed into holes 23 (FIGS. 2, 4). Preform 13 1s placed on

skin 13 with holes 35, 39 (FIGS. 4, 5) 1n alignment, and cured
or bonded together. Structural member 11 1s imnserted between
legs 31 and locator pins 23 are stabbed through holes 35, 39.
The technician will clamp structural member 11 to skin 13
with a j1g or fixture.

Then the technmician removes the first two locator pins 25
and connects a hose adapter 41 to the first one of the skin holes
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39, as illustrated 1n FIG. 3. The technician pumps adhesive 37
(FIGS. 4 and 5) through holes 35, 39 and communication

channel sections 21a, 215 1nto the cavity defined by grooves
17, 33. Adhesive 37 flows along grooves 17, 33 to the second
set of holes 35, 39 and communication channels 21.

Once adhesive 37 begins to flow out the second hole 39, the
operator ceases pumping adhesive 37, removes adapter 41
and plugs the first hole 39. Subsequently, the technician
removes the third and fourth locator pins 25 and repeats the
process of pumping adhesive 37. Adhesive 37 tflows through
communication channel sections 21a, 215 to grooves 17, 33
and flows between the third and fourth locator pins 25. Some
of the adhesive 37 may flow the opposite direction to the
second hole 39. The operator repeats the process until grooves
17, 33 are substantially filled with adhesive 37.

The operator then cures the bond 1n a conventional manner,
typically by heat. Vacuum bagging may be employed if
desired. Optionally, an adhesive film may be located between
base 29 and skin 13. Although believed not needed, paste
adhesive could also be placed between preform legs 31 prior
to 1nsertion of structural member 11, 1f desired.

The mvention has significant advantages. The elongated
groove between the bonding surfaces provides an adhesive rib
that interlocks the pieces together, increasing the shear
strength of the joint. The undulations increase shear strength
both 1n directions perpendicular to the lengths as well as along
the lengths. The method allows the members to be set up 1n a
fixture while 1n a dry condition, which speeds up the process.

While the mvention has been shown in only one of i1ts
forms, 1t should be apparent to those skilled 1n the art that 1t 1s
not so limited but it 1s susceptible to various changes without
departing from the scope of the mnvention. For example,
although shown to be a pi-shaped preform, a preform with
different configurations, such as a T, X or L shape, could be
employed 1n different applications. In some instances, the
preform could be eliminated, with the grooves being formed
in two structural members to define a cavity. If the grooves
were short enough, only two communication channels may be
needed. Further, the communication channels could be
formed 1n the woven perform instead on in the structural
member.

I claim:

1. A method of joining a structural member to an aircraft

skin, comprising:

(a) providing the structural member with a bonding surface
having a first end and a second end and a groove that
extends along the bonding surface of the structural mem-
ber from the first end to the second end;

(b) providing an interface member with a base and a leg, the
leg having a bonding surface with a first end and a
second end and a groove that extends along the bonding,
surface of the leg from the first end to the second end of
the leg;

(¢) placing the bonding surfaces of the structural member
and the leg 1n contact with each other so that the grooves
mate to define a cavity extending from the first ends to
the second ends of the bonding surfaces;

(d) imjecting adhesive into the cavity; and
(¢) bonding the base of the interface member to the skin.

2. The method according to claim 1, wherein the structural
member comprises a resin composite laminate, and wherein
the method further comprises curing the resin in the structural
member prior to steps (¢), (d) and (e).

3. The method according to claim 1, wherein the interface
member comprises a woven preform, and step (b) comprises
pre-impregnating the preform with a resin and curing the
preform during step (e).
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4. The method according to claim 1, further comprising:

providing first and second communication channels that
extend from the cavity at spaced apart distances between
the first and second ends of the bonding surfaces; and
wherein step (d) comprises:

injecting the adhesive into the first communication channel
until the adhesive begins to flow from the second com-
munication channel.

5. The method according to claim 1, further comprising:

providing first and second communication channels that
extend from the cavity at spaced apart distances between
the first and second ends of the bonding surfaces;

providing first and second locator pin holes through the
skin, though the base of the interface member, and 1nto
the structural member, the first and second locator pin
holes registering with the first and second communica-
tion channels, respectively;

inserting locator pins into the locator holes 1n the structural
member; and wherein step (¢) comprises:

inserting the locator pins into the locator holes; and step (d)
COmprises:

removing the locator pins, injecting the adhesive into the
first locator hole and the first communication channel
until the adhesive begins to tlow from the second locator
hole of the skin.

6. The method according to claim 1, wherein the grooves
have undulations that define a sinuous path between the first
and the second ends of the bonding surfaces of the structural
member and the interface member.

7. The method according to claim 1, wherein the interface
member comprises a woven preform; and the perform 1s
cured prior to step (c).

8. A method of joiming a structural member to an aircraft
skin, comprising:

(a) providing the structural member with opposite sides
that are parallel to each other and face 1n opposite direc-
tions from each other, and providing a pair of grooves,
the grooves being on the opposite sides of the structural
member and extending lengthwise along the structural
member;

(b) providing an interface member having a base and a pair
of legs extending orthogonally therefrom, each of the
legs having an 1nside surface, the 1nside surfaces being
parallel to and facing each other, and providing a groove
on cach of the inside surfaces extending lengthwise
along the mterface member;

(¢) mserting the structural member between the legs such
that the opposite sides of the structural member are in
contact with the inside surtaces of the interface member,
the grooves of the structural member aligning with the
grooves of the legs to define elongated cavities;

(d) injecting adhesive into each of the cavities; and

(e) curing the adhesive and bonding the interface member
to the skin.
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9. The method according to claim 8, wherein the interface
member 1s a woven preform containing a resin, and wherein
the resin 1s also cured prior to step (c).

10. The method according to claim 8, wherein steps (a) and
(b) comprises providing the grooves with undulations that
define a sinuous path from one end of the interface member to
another end of the interface member.

11. The method according to claim 8, wherein the struc-
tural member and the skin comprise resin composite lami-
nates and steps (a) and (b) comprise curing resin 1n the struc-
tural member and the skin before step (c).

12. The method according to claim 8, wherein steps (a) and
(b) comprise:

providing first and second communication channels that

extend from the cavity at lengthwise spaced apart dis-
tances; and wherein step (d) comprises:

injecting the adhesive into the first communication channel

until the adhesive begins to flow from the second com-
munication channel.

13. The method according to claim 8, wherein steps (a) and
(b) comprise:

providing the structural member with first and second com-

munication channels spaced apart lengthwise along the
structural member, each communication channel having
a side section that extends from one of the grooves onthe
structural member and a base section on an edge of the
structural member that joins the side sections to each
other; and wherein step (d) comprises:

injecting the adhesive mnto the first communication channel

until the adhesive begins to flow from the second com-
munication channel.

14. The method according to claim 8, further comprising:

providing first and second communication channels that
extend from the cavity at lengthwise spaced apart dis-
tances;

providing first and second locator holes through the skin,
through the base of the interface member between the
legs, and 1nto the structural member, the first and second
locator holes registering with the first and second com-
munication channels, respectively;

inserting locator pins into the locator holes 1n the structural
member; and wherein step (¢) comprises:

stabbing the locator pins into the locator holes 1n the inter-
face member and the skin; and step (d) comprises:

removing the locator pins and injecting the adhesive into
the first locator holes 1n the skin, which tlows through the
first locator hole 1n the perform, the first communication
channel and the cavities to the second locator holes; and

stopping the injection of adhesive into the first locator
holes when the adhesive begins to flow from the second
locator hole of the skin.
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